Bacteriorhodopsin mutants containing single substitutions of serine or threonine residues are all active in proton translocation.
To study their role in proton translocation by bacteriorhodopsin, 22 serine and threonine residues presumed to be located within and near the border of the transmembrane segments have been individually replaced by alanine or valine, respectively. Thr-89 was substituted by alanine, valine, and aspartic acid, and Ser-141 by alanine and cysteine. Most of the mutants showed essentially wild-type phenotype with regard to chromophore regeneration and absorption spectrum. However, replacement of Thr-89 by Val and of Ser-141 by Cys caused striking blue shifts of the chromophore by 100 and 80 nm, respectively. All substitutions of Thr-89 regenerated the chromophore at least 10-fold faster with 13-cis retinal than with all-trans retinal. The substitutions at positions 89, 90, and 141 also showed abnormal dark-light adaptation, suggesting interactions between these residues and the retinylidene chromophore. Proton pumping measurements revealed 60-75% activity for mutants of Thr-46, -89, -90, -205, and Ser-226, and about 20% for Ser-141----Cys, whereas the remaining mutants showed normal pumping. Kinetic studies of the photocycle and of proton release and uptake for mutants in which proton pumping was reduced revealed generally little alterations. The reduced activity in several of these mutants is most likely due to a lower percentage of all-trans retinal in the light-adapted state. In the mutants Thr-46----Val and Ser-226----Ala the decay of the photointer-mediate M was significantly accelerated, indicating an interaction between these residues and Asp-96 which reprotonates the Schiff base. Our results show that no single serine or threonine residue is obligatory for proton pumping.